We have characterised the patterning capacity of the notochord on the somite using the murine Pax-1 gene as a ventral, and Pax-3 as a dorsal molecular marker. As model systems we chose the four mouse notochord mutants Brachyury curtailed (TO), Danforth's short tail (Sd ), Pintail ( Pt ) and truncate ( tc ). Their notochord either is initially absent or progressively degenerates. The use of these mutants enabled us to compare the effect of graded notochord deficiencies. All four mutants show premature termination of the vertebral column. This phenotype can be traced back to an impaired dorsoventral specification of the somites. In tc/tc and TO~ + embryos the notochord in the affected regions is missing from the beginning. Consequently, Pax-1 is never activated, and Pax-3 remains to be expressed in the entire somite. In contrast, in Sd and Pt embryos the notochord secondarily degenerates. At the end of the prevertebral column Pax-1 expression is lost, while the Pax-3 signal occupies the former Pax-1 expressing zone. The altered Pax gene expression in the notochord mutants suggests that the notochord is required for two processes in the dorsoventral patterning of the somite: first the induction of ventral structures, and second the maintenance of the ventral fate.
Introduction
The central skeletal element of vertebrates, the vertebral column, combines solidity, stability, elasticity and mobility, allowing the evolution of giants like dinosaurs or whales. The mechanical properties of the vertebral column are conferred by the metameric array of vertebrae which are separated by intervertebral discs in higher vertebrates and directly articulated in the lower vertebrate classes. Despite these differences, the principles of vertebrate axial skeleton formation are conserved.
The source for the vertebral column components is the paraxial mesoderm. Laid down during gastrulation as a mesenchyme flanking notochord and neuroectoderm, this tissue segments when discrete somites detach by epithelialisation. The skeletogeneous part of * Corresponding author. the somite, the sclerotome emerges via mesenchymal transformation. This mesenchyme condenses in a metameric fashion, first laterally to form the neural arches, later medially giving rise to the vertebral bodies and the intervertebral discs (reviewed in T6ndury and Theiler, 1990) . The somite also produces a second tissue, the dermomyotome, which will subdivide into dermatome and myotome to form dermis and skeletal muscle. With respect to their position, somite cells have to acquire a dorsolateral identity to become dermomyotome, whereas a ventromedial identity restricts them to the sclerotome lineage. Thus, the dorsoventral differentiation of the somite is the crucial step in the formation of the axial skeleton as a whole.
Evidence accumulated that the regional specification of the somite is strongly influenced by the notochord. In notochord ectomised amphibian neurulae and chick embryos the myotome expands, finally fusing beneath the neural tube (Kitchin, 1949; Teillet and Le Douarin, 1983) . Depending on the stage of somite development, the sclerotome either degenerates or
